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Abstract

Objective: Lung cancer remains the number one cause of cancer-related mortality worldwide, 

but less known is that lung cancer patients are among the most psychologically disabled of all 

cancer groups. Patients with stage-IV non-small cell lung cancer (NSCLC) were studied to test 

the hypothesis that trajectories of depression and/or anxiety symptoms following diagnosis would 

show an adverse relationship with survival, beyond relevant controls.

Methods: Patients with stage-IV NSCLC (N=157) were enrolled (ClinicalTrials.gov Identifier: 

NCT03199651) at diagnosis and completed validated measures for depressive symptoms (Patient 

Health Questionnaire-9; PHQ9) and anxiety symptoms (Generalized Anxiety Disorder-7; GAD7). 

Patients were reassessed every 1-to 2-months thru 24-months (16 assessments; 80% average 

completion rate) and survival monitored. Joint statistical models provided simultaneous modeling 

of longitudinal (psychological) and time-to-event (survival) processes. Control variables were age, 

sex, marital status, education, smoking status, cancer type, and treatment received.

Results: Depression and anxiety symptoms significantly decreased with time since diagnosis. 

The two-year trajectory of depressive symptoms was significantly associated with cancer survival 

after adjustment for covariates [Hazard ratio=1.09 per unit increase in PHQ9, 95% CI 1.03–1.15, 

p=0.002]. Anxiety was marginally significant in the unadjusted (p=0.053) but not the adjusted 

(p=0.39) model.

Conclusions: For the first time, joint model analyses test the interaction of a longitudinal 

trajectory of psychological symptoms, assessed from diagnosis through 24 months, and cancer 

survival. New data show the continuation of depressive and anxiety symptoms through treatment 

and thereafter. Immunotherapy and targeted therapies have dramatically improved survival for 

patients with advanced NSCLC, however novel data suggest their benefit may be constrained by 

depressive symptoms.
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1. INTRODUCTION

Lung cancer remains the number one cause of all cancer-related mortality worldwide. 

The most prevalent type, non-small cell lung cancer (NSCLC), accounts for 85% of all 

cases with most individuals (77%) presenting with advanced (stage-IV) disease.1 Less 

well-known is that lung cancer patients are among the most psychologically disabled 

of all cancer groups,2–4 having the greatest prevalence of mood (est. 18%) and anxiety 

disorders (est. 19%).2,5 Prior studies have found negative emotions, particularly depression, 

to be associated with mortality in cancer patients. Using Kaplan-Meyer estimates and 

Cox models,2,6,7 meta-analyses find baseline assessments are associated with shortened 

survival across cancer types,6 including those with depression and lung cancer [N=4,476; 

HR=1.39; 95% CI=1.24–1.56].8 It may be that psychological symptoms after diagnosis add 

to mortality risk, but this possibility has not been examined, nor have patients been studied 

since the advent of immunotherapy and targeted therapies.

To address these gaps, we test a novel hypothesis that trajectories of depression or anxiety 

will show added, adverse relationships with survival of patients with advanced NSCLC. It 

was anticipated that effects would be strongest for depressive symptoms, consistent with 

prior literature. Anxiety has been less studied, but tested because of the commonality of 

anxiety disorders, particularly generalized anxiety disorder (GAD),9 and its co-morbidity 

with depressive disorders.10 Testing these hypotheses with patients with advanced NSCLC is 

timely, as the introduction of immunotherapies as first line treatment and the increasing use 

of targeted therapies for oncogenic drivers has dramatically improved overall survival, with 

5-year rates as high as 23% in early trials,11 a stark contrast to estimates of 4.2% from the 

prior decades of chemotherapy use.1 However even with treatment advances, the full impact 

of their benefit may be constrained by life-threatening negative emotions.

Testing psychological trajectories is a new question requiring different methods. Departing 

from only baseline to predict survival, post diagnosis assessments were frequent, 16 in 24 

months, and largely complete (80% overall compliance). This frequency of data collection 

enabled the use of joint models (JM) to simultaneously test for associations involving both 

the psychological and survival processes.12 JMs account for the dynamic characteristics of 

the trajectory including rate of change in depression scores, cumulative history of depression 

scores, and deviations from the sample trajectory. This allows the psychological trajectory 

to be associated with the hazard of the survival event.13 Prognostic variables (age, sex, 

smoking status, cancer type), and cancer treatment received were controlled in the models. 

Often omitted from studies of this type, marital status14 and education15 were also included 

as both are associated with survival. Confirmation of the hypothesis would provide new 

data showing the added toxicity of anxiety and/or depressive symptom occurrence and 
continuation as a potential contributor to premature cancer death, even in the context of new 

cancer therapies for NSCLC.
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2. MATERIALS AND METHODS

2.1 Study Design and Participants

From June 2017 to October 2019, individuals were accrued from the thoracic oncology 

clinics of an NCI-designated Comprehensive Cancer Center (CCC) for participation in an 

observational study (ClinicalTrials.gov Identifier: NCT03199651; see Figure 1). Inclusion 

criteria were as follows: newly diagnosed with pathology confirmed stage-IV NSCLC; any 

Eastern Cooperative Oncology Group (ECOG) performance status; any comorbidity; age ≥ 

18 years; English-speaking; willingness to provide access to medical records, biospecimens, 

and respond to patient reported outcome (PRO) measures. Exclusion criteria were as 

follows: treatment with definitive chemo-radiotherapy; diagnosis > 90 days at enrollment; 

receipt of lung cancer treatment for over one month; and presence of disabling hearing, 

vision, or psychiatric conditions (e.g., schizophrenia) preventing consent or completion of 

PROs in English. Additionally, second opinion or consult only cases returning to his/her 

community physician were excluded.

2.2 Procedures

The Ohio State University Comprehensive Cancer Center Clinical Scientific Review 

Committee approved the study and procedures in accordance with its ethical standards and 

the 1964 Helsinki declaration. Research personnel completed informed consent with each 

patient face-to-face during the first thoracic oncology clinic appointment (see Figure 1 for 

study flow). Within two weeks of enrollment, trained interviewers from a non-university, 

professional survey center contacted patients by telephone and PROs were completed 

(see Measures below). Patients had been provided a “hard copy” PRO booklet to use as 

reference. Following the baseline interview, patients were assessed monthly for depressive 

and anxiety symptoms through 8 months, and then bimonthly thru death or 24 months. 

Patients received $15 per assessment.

2.3 Depression and Anxiety Symptom Measures

American Society of Clinical Oncology (ASCO) recommended measures were used.16 

The Patient Health Questionnaire-9 (PHQ9)17 is a 9-item self-report scale assessing the 

frequency of symptoms of major depressive disorder (MDD).18 Referencing the past 2 

weeks, items are rated on a 4-point Likert scale (0=not at all to 3=nearly every day). Total 

scores range from 0–27. Cutoffs are as follows: none/mild=1–7, moderate=8–14, moderate 

to severe=15–19, and severe=20–27. For this sample, baseline mean equaled 6.6 (SD=5.1, 

range 0–24) and internal consistency was α=.806. The Generalized Anxiety Disorder-7 

(GAD7)19 is a 7-item measure assessing the frequency of symptoms of generalized anxiety 

disorder. Referencing the past 2 weeks, items are rated on a 4-point Likert scale (0=not at 

all to 3=nearly every day). Total scores range from 0–21. Cutoffs are as follows: none=0–4, 

mild=5–9, moderate=10–14, and moderate to severe/severe=15–21. Baseline mean equaled 

5.3 (SD=5.0, range 0–21) and internal consistency was α=.874.
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2.4 Covariates

Variables were age, sex, race (White, African American), marital status (yes/no), educational 

level (<high school, high school, >high school), employment status (yes/no), income 

level (≤25,000, >25,000), smoking status (never, former, current), lung cancer type 

(adenocarcinoma, squamous, other), and initial (first line) treatment (chemotherapy, 

immunotherapy, chemotherapy+immunotherapy, targeted therapy, none). Patients found to 

have no treatment either declined treatment or had treatment deferred and passed away 

before being treated.

2.5 Statistical Analysis

To overview, three levels of statistical models were fit.12 First, linear mixed effects models 

with subject level random effects modeled longitudinal depression and anxiety as a function 

of baseline covariates. Second, Cox proportional hazards models estimated the association 

between overall survival and baseline covariates. Thirdly and central to the hypothesis, 

joint models estimated the association between the longitudinal trajectories and overall 

survival, controlling for relevant sociodemographics, smoking, disease variables, and cancer 

treatment. Joint models were fit using the JM package in the R statistical programming 

software,12 using a relative risk model for survival with a piecewise-constant baseline hazard 

function.

Overall trends in longitudinal profiles of psychological variables were visualized using 

locally estimated scatterplot smoothing (LOESS). Longitudinal models included a natural 

cubic spline basis for flexible estimates of changes in psychological measures over time. 

Interactions between first line cancer therapy and time were evaluated to determine if 

trajectories of depression or anxiety varied by therapy.

For JMs for depression (PHQ9) and anxiety (GAD7), three models varying in covariate 

entry were estimated: Model 1 (no covariates), Model 2 (age, sex, smoking history, cancer 

type, treatment), and Model 3 (covariates in Model 2 plus education and marital status). 

Hazard ratios (HR) and 95% confidence intervals (CI) quantify the relative increase in 

mortality hazard for each unit increase of the psychological measure/covariate. Cox-Snell 

and Schoenfeld residuals evaluated overall goodness-of-fit and adequacy of the proportional 

hazard’s assumption, respectively. As the Cox model has been the standard to test the 

association of baseline symptoms and survival, Cox models with time-varying covariates are 

provided for the readers’ possible interest.

To visualize the JM results, other analyses illustrate the time-dependent association between 

longitudinal psychological processes and survival. First, landmark plots show patients’ 

survival subsequent to relevant landmark times--3, 6, and 12 months--which serve as new 

time origins. At each time point, survival is conditional, including only patients still alive 

at the landmark. For the 3-month landmark, for example, only patients who had lived up 

to the time of 3 months are displayed in the plot. At each time point, patients’ most recent 

score on the PHQ9/GAD7 prior to the landmark time is considered. For each landmark, the 

most recent score is then used to classify each patient into a symptom group, i.e., for the 

PHQ9, groups were patients with 0–7 (none/low) vs. 8–14 (moderate) vs. 15–27 (moderate/
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severe). Then, Kaplan-Meier survival estimates are done for each symptom group. The same 

procedure is used for each landmark timepoint.

A second illustration uses dynamic predictions from the joint model to estimate expected 

survival for patients, conditional on their PGQ9/GAD7 scores from baseline thru 5 

months.12 This period was chosen to mimic the time during which a psychological 

intervention might be offered. Then, estimated survival after 5 months is examined for 

four representative patients, who differ only on whether or not their PHQ9/GAD7 improved 

or worsened from baseline to 5 months. The survfitJM function in package JM with 1000 

Monte-Carlo iterations was used with analyses conducted using R version 4.0.0.

3. RESULTS

3.1 Descriptive

3.1.1 Patients—Table 1 presents baseline demographics, smoking status, treatment, lung 

cancer type, and first line treatment received for N=157. Patients were diagnosed a median 

of 34 days prior to the baseline assessment. Initial therapy for the majority of patients was 

combination chemotherapy+immunotherapy (31.8%), with roughly similar percentages of 

patients treated with chemotherapy (22.9%), immunotherapy (20.4%), and targeted (18.5%) 

monotherapies. The median follow-up was 8.7 months, with an inter-quartile range of 4.8 to 

15.6 months and a range of 1.1 to 31.4 months. Overall mortality was 51% (80/157).

3.1.2 Data integrity—Baseline assessments were completed for 100% of patients. 

Across follow-ups (16), mean completion rate was 80% of available N. Total number of 

measurements was 1,116 for both PHQ9 and GAD7. Figure S1, Supplemental Digital 

Content, provides detailed box-strip plots for each measure at each time point, illustrating 

that the range of patient scores spanned the full scale for each measure during the first 6 

months before gradually decreasing in variability. Overall subject-level standard deviation 

across all measurements was 4.15 for PHQ9 and 3.89 for GAD7.

3.2 Diagnosis to 24-Months: Trajectories of Psychological Symptoms

Figure 2 shows the trajectories for depression (PHQ9) and anxiety (GAD7) for N=157. 

Scores on both measures decreased over time. The GAD7 trajectory exhibited some non-

linearity, increasing at 6 months before declining. PHQ9 decreased from baseline mean of 

6.6 to 4.5 at one year and GAD7 decreased from 5.3 to 2.9.

3.3 Longitudinal Process Results for PHQ9 and GAD7

Non-linear changes tested by inclusion of natural splines for time were significant for 

PHQ9 and GAD7. Table S1, Supplemental Digital Content, provides longitudinal process 

results from the joint model for the PHQ9 and GAD7, including all covariates (Model 3). 

Other than baseline values, the only covariate significantly associated with survival was 

education. Patients with a high school education or above had roughly 3 points lower mean 

PHQ9 and 2 points lower mean GAD7 compared to patients with less than high school 

education. All other covariates were non-significant, including that for cancer treatment 

type. As anticipated, there were survival differences between the treatment groups, shown in 
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Figure S2, Supplemental Digital Content. Despite this, the type of cancer treatment patients 

received did not impact the depression or anxiety trajectories; p-values for treatment-by-time 

interaction were p=0.18 for PHQ9 and p=0.68 for GAD7).

3.3 Joint Model (JM) Results

Data supporting the JM analyses and HR findings show good model fit (Figure S3, left 

side, Supplemental Digital Content) and stable parameter estimates (Figure S3, right side). 

Results from the joint model analyses are provided in Table 2. Inspection of the hazard 

ratios (HRs) shows the strongest association for the depression (PHQ9) trajectory. All three 

models had significant associations between PHQ9 and survival, with that for Model 3 

(which included age, sex, smoking history, cancer type, treatment, education, and marital 

status) being HR=1.09, 95% CI 1.03–1.16, p=0.002. Hazard ratios for the anxiety (GAD7) 

trajectory (HR=1.06, 95% CI 1.0–1.13) were similar for Model 1 (p=0.053) and Model 2 

(p=0.071). The HR drops for Model 3 with p=0.39. Standardized hazard ratios (i.e., the 

relative increase in hazard per standard deviation change in measurement) are given in Table 

2, and range from 1.61 (Model 1) to 1.44 (Model 3) for PHQ9 and 1.26 (Model 1) to 1.14 

(Model 3) for GAD7.

To aid in the understanding and contribution of these new findings, Cox model results are 

provided in Table S2, Supplemental Digital Content, for the reader to compare with those 

of the JM analyses. Cox models have been the biostatistical “gold standard” for testing 

the relationship between psychological variables measured at baseline and survival.6,8 

Cox models identified significant associations between baseline depressive symptoms and 

mortality, but for anxiety scores also, for both unadjusted and adjusted models. However, 

these models assume that time-dependent covariates are external, which is violated in this 

case.12 In contrast, the JM framework explicitly acknowledges the potential underlying 

relationships between the event and longitudinal process.20 The JM analyses permit the 

characterization not only of baseline risk associated with depressive symptoms, but the 

additional mortality risk associated with depressive symptom continuation.

3.4 Illustrations of JM Findings

3.4.1 Landmark Plots—Figure 3 gives landmark plots for survival stratified by patients’ 

depression and anxiety symptom levels at 3, 6, and 12 months to illustrate the reliability 

of the findings. Across the three timepoints, the plots show the same effect: patients 

in the moderate/severe psychological symptom group have lower survival compared to 

patients with no/mild symptoms. The survival differences between symptom groups are most 

obvious at the 6- and 12-month landmarks. The plots are also reflective of the JM findings, 

showing greater and more consistent separation between symptom groups for PHQ9 relative 

to that for GAD7.

3.4.2 Contrast of Patients With Improving Versus Worsening 5-month 
Depression/Anxiety Trajectories and Resultant Differences in Survival.—
Patients in this study were not randomized to receipt of a psychological intervention 

versus not. However, Figure 4 is informative, illustrating differential survival arising 

from a shift in the post diagnosis depression/anxiety trajectory. Actual data from four 
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patients with similarly high baseline PHQ9 or GAD7 symptom values (2 patients for each 

measure) were used. Within each PHQ9/GAD7 pair, one patient shows declining (i.e., 

improving) symptoms from baseline to 5 months, whereas the other patient shows increasing 

(worsening) symptoms. Based on the 1-to 5-month trajectories, joint models provide a 

predicted survival estimate for each patient (right-hand side of each plot). Covariates for 

each patient were held the same so that only the patients’ PHQ9/GAD7 measurements from 

baseline to 5 months differed. The detrimental association between these differing 5-month 

PHQ9 trajectories and survival is provided with a projected 1-year survival. For Patient 

1, whose depression symptoms improved, projected 1 year survival is 64% versus Patient 

2, whose depression symptoms worsened, having only 42% survival projected. A similar 

scenario is seen for patients 3 and 4 who differ in GAD trajectories (bottom panel, Figure 4). 

Here, Patient 3 (left plot) reports a decline to no symptoms (0) at 5 months and has projected 

1-year survival of 74%, whereas Patient 4 reports steadily increasing anxiety (21, severe) by 

5 months and has projected 1-year survival of 53%. In summary, these per patient examples 

show the relationship between depressive or anxiety symptom improvement and lengthened 

survival time, versus depressive or anxiety symptoms continuing or worsening and shortened 

survival.

4. DISCUSSION

Novel use of joint model analyses (JMs) provided valid inferences to discover the 

association between the longitudinal psychological data and lung cancer survival. A key 

element to the analyses were the frequency of psychological data collection--obtained bi/

monthly for two years--and its integrity, with 80% compliance. Patients with advanced 

NSCLC have a high frequency of stress, depression and anxiety symptoms at diagnosis, 

but would significant symptom levels thereafter be associated with increased mortality 

risk? JMs provided a rigorous answer to this question, showing premature mortality for 

advanced NSCLC patients associated with the post diagnosis depressive symptom trajectory, 

beyond any contributions of baseline values, demographics, prognostic variables, cancer 

type, and receipt of new cancer treatments. Alone, cancer treatment predicted survival, but 

receiving new therapies did not interact with or mute the association of depressive symptom 

trajectories with survival.

Novel findings quantify, for the first time, the psychological course for patients with 

advanced NSCLC, and moreover, the psychological course as patients receive new therapies 

(see Fig. 2). Compared to other high incidence cancers (breast, prostate, colon), lung 

cancer patients have received little psychosocial study generally, despite lung patients having 

greater psychological morbidity than all other cancer groups. When studied intensively at 

diagnosis, patients from the cohort showed 28% with moderate and 8% with moderate to 

severe depressive symptom levels and 6% with moderate and 18% with moderate to severe 

levels of anxiety symptoms.21 But statistical patterns of symptoms thereafter, essentially 

from diagnosis thru successful treatment or death, have been unknown.

Joint modeling (JM) is a superior analytic strategy for this question and will likely become 

the gold standard for future studies. If subjects die or are too sick to complete an assessment 

this non-random dropout is ignored in standard longitudinal models (e.g., mixed models), 
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but JMs can properly account for the nonrandom dropout common to longitudinal studies 

of NSCLC patients or others with severe illness. JMs also provide valid inference for the 

association between the longitudinal psychological data and survival by incorporating shared 

subject-level random effects to account for the psychological/survival inter-dependency.22 

However, limitations are still inherent with observational data including that which is 

longitudinal. Causal relationships between psychological symptom trajectories and patient 

survival, of either direction, cannot be made based on these results. Changes in health status 

and disease progression increase mortality risk.7, 11 Follow-up studies are needed to explore 

longitudinal association of these factors with survival. These limitations are shared by all 

studies examining association between cancer mortality risk and patient reported outcomes 

such as quality of life.7

The importance and reliability of the findings in Table 2 may be difficult to fully appreciate 

when considered alone. Thus, two types of novel illustrations were provided to “make real” 

the relationship of depression symptom levels and survival by viewing patients grouped 

by their symptom severities (Figure 3) or viewed as individuals (Figure 4). Landmark 

plots (Figure 3) illustrate the uniformity and reliability of poorer survival for patients with 

moderate to severe depressive symptoms, even seen when patients survive as long as 3, 6, or 

even 12 months. The three GAD7 plots provide a conceptual replication of the effect.

The process data (Figure 4) illustrates the powerful effect of shift in the symptom 

trajectory for individuals. Prior research with breast cancer patients (N=116) assessed 

intensively and followed for 5 years showed individual differences among patients in 

the level of stress, depressive symptoms, and immunity (Natural killer cell lysis, T cell 

blastogenesis) at baseline, but relevant to these data were additional findings showing 

individual differences among patients in the slope of change across all measures in the next 

5 years, i.e., the trajectories.23 This phenomenon of slope differences is illustrated in Figure 

4, however here the effect is illustrated for specific persons and the resultant outcomes 

provided. The differential survival among individuals is due to the preceding baseline to 

five-month symptom trajectories. Holding all covariates constant excepting the short term 

(1- to 5-month) symptom change, individual patients differed in survival. If symptoms 

remitted (Patients 1, 3) survival was favorable, compared to symptoms maintained or 

worsening (Patients 2, 4). Psychological interventions delivered during this period--the early 

months following diagnosis--have shown robust biobehavioral effects and reduced risk for 

recurrence in other cancer patients.24

Research is needed to discover the mechanism(s) by which psychological symptoms, 

particularly depression, have continuing toxicity in association with lung cancer survival. 

A commonality among depression,25,26 lung cancer,27 and immune checkpoint inhibiting 

therapies,28,29 are their inflammatory inducing effects,30 occurring in an immune system 

already vulnerable from smoking31 and age-related cellular function decline.32,33 This may 

be the perfect storm, as evidenced by advanced lung cancer patients having, compared 

to all other cancer patients, the 1) highest levels of depression at diagnosis; 2) highest 

maintenance of depression compared to all others, as evidenced in post diagnosis cross 

sectional and longitudinal designs, 3) highest levels of suicide; and as shown here, 4) a 

lingering association of depression and survival, beyond the effects of precision medicine 
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therapies. Intensive study of NSCLC patients combining robust measures of depression, cell 

biology, and inflammation are need to directly explore biobehavioral mechanisms driving 

depression toxicity.

Contextual aspects of the study are considered. Methodologic recommendations for tests 

of the prognostic value of PROs were followed.7 The ASCO recommended measures used 

are conceptually grounded with long records of acceptability, reliability, and validity. The 

sample size was smaller than some but larger than others in survival sturdies.2,6,7 In addition 

to sample size, equally relevant is a having sufficient number of events to predict, with 

50% being optimal, and sufficient follow up duration, which was the case here. Power was 

enhanced with the month-by-month frequency of measurements, completeness of the data, 

and patients’ compliance. Few longitudinal behavioral studies of cancer patients have done 

trajectory measurements as shown here. Regarding patient accrual, there were no age or 

functional status exclusions, unlike clinical trials.34 Worldwide lung cancer patients share 

common features, having a disease of smoking and aging. The state from which these 

patients came has among the highest smoking rates in the U.S. (21.1% vs. 14%) and also has 

the 44th lowest lung cancer mortality rate. Also, 50% of the patients were from rural Ohio 

Appalachia counties, a predominantly Caucasian region with multiple health disparities 

and negative social determinants of health,35 including those for lung cancer survival. 

Nevertheless, the patients were accrued from a single institution and further, generalizability 

of findings to lung cancer groups diverse on other health determinants is unknown.

5. Conclusion

New data show post diagnosis trajectories of psychological symptoms predicted risk of 

premature mortality from advanced NSCLC, even controlling for the survival benefits of 

immune- and targeted therapies. Substantial evidence underscores the need for psychological 

therapies to address the common comorbidities of stress, depression, and anxiety with 

advanced NSCLC.2,8,21 Without interventions, worries will remain regarding patients 

having suboptimal understanding of their disease and its treatment,36 impaired decision-

making and engagement in treatment,37,38 lowered tolerance of symptoms and treatment 

side effects,39,40 and poor motivation to maintain functional status.41,42 Attention to and 

improvement of patients’ psychological status may provide added benefit that prolongs a life 

of quality and comfort and potentially improves overall survival.
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Figure 1. 
CONSORT Flow Diagram
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Figure 2. NSCLC patients (N=157) depression and anxiety symptoms from diagnosis thru 24 
months.
LOESS (locally estimated scatterplot smoothing) for depression (PHQ9) and anxiety 

(GAD7) scores. Dashed lines indicate 95% confidence intervals.

Andersen et al. Page 15

Psychosom Med. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. Landmark Survival Plots Showing Differential Survival at 3-, 6-, and 12-Months for 
Patient Groups Varying in Depression (PHQ9) And Anxiety (GAD7) Symptom Severity at That 
Time.
For each landmark (3, 6, and 12 months), survival is conditional on patients being alive at 

the landmark. Symptom level classification is based on an individual’s most recent symptom 

score prior to the landmark time. Symptom levels for PHQ9 are 1–7 (none/mild), 8–14 

(moderate), and 15–27 (moderately severe / severe), with higher scores indicating worse 

symptoms. GAD7 symptom levels are 0–4 (none), 5–9 (mild), and 10–14 (moderate) and 

15–21 (moderate/severe), with higher scores indicating worse symptoms. The number at risk 

in each symptom group is indicated in the bottom corner, left, of each figure.
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Figure 4. Patients With Improving Versus Worsening Short-Term Depression/Anxiety 
Trajectories And Resultant Differences In Predicted Survival. Procedures.
Each plot illustrates a single patient with and his/her psychological symptom score 

(displayed as asterisks) from baseline through 5 months on the left-hand side of each plot; 

the black line shows the smoothed model estimate from baseline to 5 months for depression 

(PHQ9; top) and anxiety (GAD7; bottom). On the right-hand sides for each patient, 

survival curves are projected based on the PHQ9 or GAD7 scores through 5 months, using 

dynamic predictions from the full joint model (JM) with all covariates. The four patients 

differed only in their respective PHQ9/GAD7 scores thru 5 months, as covariates were 

identical (male, ageapp 65, married, high school education, former smoker, adenocarcinoma, 

immunotherapy). The dashed lines indicate 95% pointwise confidence intervals for the 

survival curves. Top PHQ9 panel JM predictions show Patient 1’s 5-month improvements 
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in PHQ-9 followed by more favorable estimated survival (green line), in comparison to 

Patient 2’s worse projected survival (red line), which was preceded by worsening PHQ9 

scores. Bottom GAD7 panel: Similarly, JM predictions showing 5-month anxiety declines 

for Patient 3 versus 5-month anxiety worsening for Patient 4. Correspondingly, Patient 3 has 

more favorable projected survival (green line) compared to estimated survival for Patient 3 

(red line).

Note: PHQ9 (Patient Health Questionnaire-9), GAD7 (Generalized Anxiety Disorder-7), JM 

(joint model)
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Table 1.
Patient Characteristics.

Baseline demographics, smoking status, treatment, lung cancer type, and first line treatment for the 157 

patients enrolled.

Level N (%) or Mean (SD)

Total Sample 157 (100)

Age in Years) 63.76 (10.74)

Sex (%) Female 68 (43.3)

Male 89 (56.7)

Race (%) White 146 (93.0)

Black or African American 11 ( 7.0)

Married/Partnered (%) No 68 (43.3)

Yes 89 (56.7)

Education (%) < High school 20 (12.7)

High school 55 (35.0)

> High school 82 (52.2)

Employed (%) No 117 (74.5)

Yes 40 (25.5)

Income (%) <=25K 33 (21.0)

>25K 109 (69.4)

Unknown 15 ( 9.6)

Smoking Status (%) Never smoker 21 (13.4)

Former smoker 110 (70.1)

Current smoker 26 (16.6)

Cancer Type (%) Adenocarcinoma 116 (73.9)

Squamous 26 (16.6)

Other 15 ( 9.6)

Treatment (%) None 10 ( 6.4)

Chemotherapy 36 (22.9)

Immunotherapy 32 (20.4)

Chemo+Immunotherapy 50 (31.8)

Targeted therapy 29 (18.5)
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Table 2.

Joint Model Results Showing Significant Association Between the Depression Trajectory and Survival.

Measure Model HR 95% CI SHR 95% CI P-value

PHQ9 Model 1 1.122 (1.068, 1.179) 1.614 (1.315, 1.981) <0.0001

Model 2 1.108 (1.053, 1.166) 1.533 (1.241, 1.894) <0.0001

Model 3 1.092 (1.033, 1.155) 1.442 (1.145, 1.817) 0.0019

GAD7 Model 1 1.061 (0.999, 1.127) 1.261 (0.997, 1.594) 0.053

Model 2 1.059 (0.995, 1.128) 1.252 (0.981, 1.597) 0.071

Model 3 1.035 (0.967, 1.107) 1.142 (0.878, 1.486) 0.32

Association between each longitudinal psychological measure [depression (PHQ9) and anxiety (GAD7)] and overall survival. Estimated hazard 
ratio (HR), standardized hazard ratio (SHR), 95% confidence intervals (CI), and p-values are provided. HRs are per one-point increase in each 
measure, while SHRs are per standard deviation increase. Model 1 includes only the PHQ9 or the GAD7. Model 2 adds covariates of age, sex, 
smoking status, lung cancer type, and treatment type. Model 3 includes all covariates from Model 2 and adds marital status and education.
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